Continued gravitational collapse gives rise to curvature singularities. If a curvature singularity is globally naked then the space-time may be causally future ill-behaved admitting closed time-like or null curves which extend to asymptotic distances and generate a Cosmic Time Machine (de Felice (1995) Lecture Notes in Physics 455, 99). The conjecture that Cosmic Time Machines give rise to high energy impulsive events is here considered in more details.
Introduction
The outcome of naked singularities as result of gravitational collapse is still matter of debate. They have far reaching consequences; their space-time can be causally ill-behaved and they may be sources of cosmic events with anomalous high energy. If they existed it would be legitimate to invoke the validity of a theorem due to Clarke and de Felice (1984) which states that a generic strong-curvature naked singularity would give rise to a Cosmic Time Machine (CTM). A Cosmic Time Machine is a space-time which is asymptotically flat and admits closed non-spacelike curves which extend to future infinity. Here I shall first recall the properties of a naked singularity and in particular those of a spinning one then will illustrate what a Cosmic Time Machine is. Aim of this paper is to better motivate an earler conjecture (de Felice, 2004) according to which a CTM may be source of fast varying and highly energetic events like Gamma Ray Bursts (GRB).
Naked Singularities
A naked singularity is the outcome of a continued gravitational collapse when no event horizon forms hiding the singularity to the asymptotic region.
A distinctive feature of a generic singularity is that of being infinitely red-shifted with respect to any of the non singular space-time points except possibly a set of measure zero. Since no physical influence reaches infinity from the singularity, then it is justified to assume the existence of a regular flat (past and future) infinity after the formation of the singularity.
A further and indeed most important feature of a naked singularity is that of approaching a black-hole state. There are various indications as shown for example in (de Felice, 1975; 1978 ) that a naked singularity, specifically a spinning one, tends to become a black hole as result of its interaction with the surrounding medium. This implies that observable processes which take place nearby a naked singularity fade away, because of a growing red-shift, in a finite interval of the observer's proper time. This property is crucial to sustain the conjecture about the nature of strong impulsive cosmic events as I will illustrate next. If a naked singularity decays into a black hole, then the latter will likely be of a Kerr type. Moreover when a naked singularity is close to become a Kerr black hole then it becomes of a Kerr type itself.
The properties of a Kerr naked singularity have been extensively investigated in the late seventies (Calvani and de Felice, 1978; de Felice and Calvani, 1979 ) hence I will recall them briefly. In Boyer and Lindquist coordinates, Kerr metric reads:
where M is the mass of the metric source, a its specific angular momentum 1 and the functions ∆ , Σ and A are given by:
The null geodesics are given by the tangent vector components:
where dot means derivative with respect to a real parameter along the orbit and L, ℓ and γ are constants of the motion; the parameter L arises from the separability of the Hamilton-Jacobi equation in the metric (1) and is related in a non trivial way to the (square of) total angular momentum of the photon (de Felice and Preti, 1999), the parameter ℓ is the photon's azimuthal angular momentum and γ is the photon's total energy. In what follows we shall introduce the new parameters λ ≡ ℓ/γ and Λ ≡ L/γ 2 .
Equation (5) shows that null geodesics exist which partially run in a timereversal regime, namely withṫ < 0. Conditionṫ ≤ 0 will be consistent with the light-like character of the orbit only if A < 0, namely in the r < 0−sheet of metric (1) 2 . From (4) and (5) ii) -its latitudinal angle θ satisfies the condition:
where the subscript (c.v.) stands for chronology violation. Clearly function sin 2 θ c.v. (r; λ) identifies a region in the (sin 2 θ − r)−plane whose very existence and size depend on the orbit itself. In particular it is easy to see that the smaller is λ in the range 0 < λ < a the larger is the extent of the (c.v.)−region. Evidently, being λ = ℓ/γ, all high energy photons with finite azimuthal angular momentum will have a small λ and therefore have higher probability to go through the time reversal regime. Condition (9) is not sufficient to set up a CTM; the photon needs to encounter a turning point from where it can travel back to the r > 0 universe after a sufficient recovering of the lost (coordinate) time.
A vortical orbit is confined between two values of the latitudinal angle θ;
in the case of photon orbits these angles are given by
hence condition (9) will be satisfied only if at least one of the hyperboloids θ = θ ± as in (10) crosses the corresponding (c.v.)−region. This circumstance takes place if
The same argument holds true for time-like curves. where
Turning points are met whereṙ = 0 and this is assured when
A comparison of (11) with (13) shows that (see figure 1 )
where the equality sign holds identically when λ = 0 and only at r = 0 when
In the general case of λ = 0 a CTM is actually set up if condition (9) is satisfied together with Λ ≥ Λ r min where Λ r min is a minimum of Λ r given by:
here r min is the only negative solution of:
In particular, as pointed out by de Felice and Calvani (1979) , the existence of a minimum of the function Λ r assures that photons with parameters
will move on time reversed, spatially open and almost stationary loops at an average distance r min from the singularity (in the r < 0 sheet; see figure 1)
before moving back to positive infinity again. These are the prerequisites of a Cosmic Time Machine.
The time trap
For a light signal to move on a time reversed trajectory, the light cone must be deformed in such a way that its future pointing generators propagate light signals into the local coordinate past, namely with the coordinate time decreasing. The light cone structure can be seen explicitely in the Kerr naked singularity solution. From (5) and (8) it follows that the light cone generators in the (ct − r)-plane satisfy the equation:
where sin 2 θ c.v. is given by (9) . As θ → θ c.v. from below, namely with θ < θ c.v. , dt/dr decreases untill it vanishes for both outgoing and ingoing generators. At this moment the light cone is fully open with respect to the coordinate time axis; as θ increases further so that θ > θ c.v. , the light cone shrinks again but with the local future reversed with respect to the coordinate time (see figure   2 ). As it will be discussed in a separate paper (de Felice and Preti, 2006) the opening of the light cone is a manifestation of the repulsive character of the space-time; indeed this is the property of Kerr space-time nearby the ring singularity. Let a coordinate time t be chosen so to coincide with the proper-time of an observer at a positive infinity. Consider two events in a CTM-kernel being one to the (causal) future of the other (two subsequent flashes from the same light gun, say); then, being in a CTM-kernel, there exist light rays from these events which propagate backwards with respect to the local time coordinate untill they leave the kernel and escape to positive null infinity. If we allow for the existence of photon orbits which spatially loop around the singularity before leaving the CTM-kernel, it may well happen that these light rays leave the kernel at about the same value of the t coordinate and therefore reach infinity at about the same value of t as well. But at flat infinity, the t coordinate is also the proper-time of a stationary observer hence the latter would see the two events almost simultaneously on her (his) clock. If we extrapolate this example to all the events which are to the future of any given one in a CTM-kernel, we infer that in a Cosmic Time Machine the entire causal future development of a given domain within its kernel may be seen by a distant observer at the same time. Evidently this property makes a CTM potentially a source of an arbitrary strong burst.
Impulsive cosmic events combine two main puzzling features, namely an extremely short time of emission (order of a second) and a very high energy fluence. The main challenge therefore is to find a unique mechanism which allows at once for both properties. There are several models which provide reasonable explanations for these high energy events; most of them however suffer of some kind of incompleteness due to the rich and complicated morphology of those sources. Nevertheless, whatever process is considered, the common starting point is gravitational collapse; this may trigger a supernova explosion or just provide a black hole which will be the main engine for the burst production.
Here I envisage a completely new scenario based on the hypothesis that what we believe to be a black hole is on the contrary a generic strong curvature naked singularity sitting inside a CTM-kernel. Since Cosmic Time Machines involve astronomical objects, they allow one to make predictions which could in principle be confronted here-and-now with observations. While in the kernel, in fact, the coordinate time decreases and, as we said, it may reach the value when the singularity formed. Moreover since we conceive a situation where most of the time-trapped radiation is confined on spatially quasi-circular orbits in the innermost part of the kernel, then the contribution to the geometric curvature would come from a rotating energy current; this would strenghten rather than weaken the naked singularity condition.
Evidently the longer a naked singularity lasts as such the more luminous will be the burst because longer is the future development which will be "compressed" by the time inversion and therefore more are the photons which will contribute to the prompt emission. This mechanism may lead to undesirable bursts of infinite intensity! Naked singularities however appear to prevent this circumstance. It is well established that a naked singularity decays to a black hole. In this case, the instability of a Kerr black hole inner horizon leads to the insurgence of a "larger" singularity which will cancel any kernel structure around the central spinning singularity. Even if the transitin to a black hole takes place only asymptotically, we know (Calvani and de Felice, 1978 ) that a Kerr naked singularity has a "memory of the last horizon"; this manifests itself with a rather peculiar concentration of stable spherical null orbits around the spatial surface r = M which is the spatial location of the extreme Kerr black hole horizon. This concentration increases as one approaches the black hole state untill it creates a sort of radiation layer which will effectively prevent the reach of the CTM-kernel stopping any time machine activity.
The opening of the light cone generators inside a CTM-kernel ranges from a complete reversal with respect to the local time axis to a marginally complete opening nearby the kernel boundary. It is reasonable to expect that part of the radiation emitted by the source will leave the kernel before it reaches its bottom and therefore at a value of the coordinate time larger than that when the bulk of radiation is emitted from the bottom of the kernel. As an example consider a Kerr naked singularity of total mass M and rotation parameter a = M(1 + β) where β ≪ 1; because of accretion, this singularity will have a life time, before decaying to a black hole, given approximately by (de Felice, 1975) :
Here ρ is the density of matter which accretes on the singularity. The life time then critically depends on the factor (Mρ) −1 . For sake of illustration, a 10 9 M ⊙ naked singularity will last for 10 8 years, as in the previous example, if it is surrounded by accreting material of density ρ ≈ 10 −13 g cm −3 , a value which appears compatible with what one could have in active galactic nuclei.
In this scenario then we expect that the total luminosity of the impulsive emission goes as L ∼ ζ(Mρ) −1 . Moreover, the longer a naked singularity is visible to distant observers the longer one expects the afterglows to last.
Hence a correlation such as more luminous burst being followed by longer afterglows is expected.
Evidently the survival of the above conjecture about the nature of impulsive sources depends on the possibility to be falsified by more definite observational constraints; this however is a challenge for the future.
If naked singularities exist in the Cosmos as predicted by general relativity then they may give rise to a Cosmic Time Machine. In this case, in fact, the singularity could likely be surrounded by a space time region where the local causal future is time-inverted with respect to infinity. Naked singularities however will likely evolve close to a black-hole state in a finite interval of coordinate time hence if all that happens, then we could directly observe astrophysical phenomena which are observationally constrained by the peculiarities of a time machine. This may be the case of the most energetic Gamma Ray Bursts whose impulsive emission may just be the time integration over a finite interval of the local proper-time of emission processes taking place in some CTM-kernel.The latter then will be sources of the most powerful bursts in the Universe.
